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RIDGE-TYPE SEMICONDUCTOR LASER
ELEMENT

BACKGROUND OF THE INVENTION

1 Field of the Invention

The present invention relates to a ridge-type semiconduc-
tor laser devise to be used 1n an optical disk device such as
a CD-R/RW drive or DVD-RAM drive, and to a fabrication
method thereof.

2 Description of the Related Art

Attempts have been made to 1ncrease the recording speed
of optical recording devices. For example, CD-R drives
having a so-called “16 speed” recording speed are already
being put to practical use. Accordingly, 1in optical recording
devices with a high recording speed, an 1nstantaneous start
up of high output laser light 1s required. There are ridge-type
semiconductor laser devises that use compound
semiconductors, these being laser devises that satisfy such a
required characteristic.

FIG. 3 1s a schematic cross-sectional view of the structure
of a conventional ridge-type semiconductor laser devise,
showing a cross section that lies orthogonal to the longitu-
dinal direction of the devise.

A lower cladding layer 32, an active layer 33, and a first
upper cladding layer 34 are sequentially stacked on a
substrate 31. A ridge-shaped second upper cladding layer 37
1s formed on the first upper cladding layer 34 in a position
substantially central 1in the width direction of the devise, so
as to extend in the longitudinal direction of the devise.
Current blocking layers 36 are formed on both sides of the
second upper cladding layer 37. A contact layer 38, which
makes ohmic contact with the second upper cladding layer
37, 1s formed on the second upper cladding layer 37 and the
current blocking layers 36.

An n-side electrode and a p-side electrode (not illustrated)
are formed on the lower face of the substrate 31 and the

upper face of the contact layer 38 respectively.

The conductivity type of each portion 1s as follows. For
example, the substrate 31, lower cladding layer 32 and
current blocking layers 36 are n-type layers, and the first
upper cladding layer 34, second upper cladding layer 37, and
contact layer 38 are p-type layers. The active layer 33 can
also be an n-type layer or a p-type layer, or can be an
undoped layer.

During laser light emission, light emission takes place

upon recombination of electrons and holes 1n the active layer
33.

In the section above the active layer 33, because the
conductivity type of the current blocking layers 36 alone
differs from that of the other sections, current 1s confined
between the current blocking layers 36. The imjection of
current from the second upper cladding layer 37 to the active
layer 33 takes place via the bottom face of the second upper
cladding layer 37. Accordingly, within the active layer 33,
light emission occurs upon recombination of electrons and
holes (carriers) in a region E3 (referred to as “light emitting
region E3” hereinbelow) whose width 1s substantially equal
to the width S3 of the bottom face of the second upper
cladding layer 37 (referred to as “injection current width S3”
hereinbelow). Here, carriers are not consumed uniformly
within the light emitting region E3, there being greater
consumption of carriers in the vicinity of the width direction
center portion.

Therefore, even though carrier consumption 1s non-
uniform, the diffusion of carriers (particularly a small num-
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ber of carriers) results in the carrier concentration being to
some extent uniform within the light emitting region E3J.
However, when the operating current 1s high and the injec-
fion current width S3 1s wide, diffusion 1s unable to replenish
carriers and the light intensity distribution 1s then accord-
ingly non-uniform. In other words, the section within the
light emitting region E3 which exhibits high intensity light
emission moves over to the section 1in which the carrier
concentration 1s high, which accordingly makes the light
output unstable. A laser whose light output 1s unstable
cannot be used 1n optical recording or optical reading
applications. Thus, the maximum rated light output of a laser
devise 1s established within a range 1n which the light output
1s not unstable.

Non-uniformity of the carrier concentration can be elimi-
nated by narrowing the 1njection current width S3. That 1s,
as a result of making the injection current width S3 equal to
or less than the carrier diffusion distance (carrier diffusion
length) in the active layer 33, a small number of carriers can
be reliably replenished in the section where a large number
of carriers 1s consumed, whereby it 1s possible to realize
uniform light emission within the light emitting region E3.
That 1s, by means of such a structure, the light output region
within which a stable light output can be obtained can be
made large, which makes it possible to raise the maximum
rated light output of the laser devise.

Further, when the mjection current width S3 1s narrowed,
the upper face width D3 of the second upper cladding layer
37 also narrows. This 1s because the inclined planes of the
second upper cladding layer 37 are formed at fixed angles of
inclination, meaning that when the thickness of the second
upper cladding layer 37 1s fixed, the mnjection current width
S3 and the upper face width D3 cannot be changed inde-
pendently of one another. Because the current flows through
the interface between the contact layer 38 and the second
upper cladding layer 37, a narrowing of the upper face width
D3 causes shrinkage of the surface area of the interface
between the contact layer 38 and the second upper cladding
layer 37, which 1n turn raises the resistive value of the
devise.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
ridge-type semiconductor laser devise that permits an
increase 1n the maximum rated light output.

It 1s another object of the present invention to provide a
ridge-type semiconductor laser devise that permits a reduc-
tion of the resistance of the devise.

It 1s yet another object of the present invention to provide
a fabrication method for the ridge-type semiconductor laser
devise that permits an 1ncrease 1n the maximum rated light
output.

It 1s yet another object of the present invention to provide
a fabrication method for the ridge-type semiconductor laser
devise that permits a reduction of the resistance of the
devise.

The rnidge-type semiconductor laser devise of the present
invention comprises: a lower cladding layer of a first con-
ductivity type, an active layer, and a first upper cladding
layer of a second conductivity type, which are sequentially
stacked on a compound semiconductor substrate of the first
conductivity type; a second upper cladding layer of the
second conductivity type which has a ridge shape and 1is
provided on the first upper cladding layer; a contact layer of
the second conductivity type provided on the second upper
cladding layer; and current blocking layers, which are pro-



US 6,347,668 B2

3

vided alongside the second upper cladding layer and in
which respective sections that follow the sides of the second
upper cladding layer are of the second conductivity type, and
respective sections that follow the first upper cladding layer
are of the first conductivity type.

According to the present invention, the second upper
cladding layer, the respective sections of the current block-
ing layers which follow the sides of the second upper
cladding layer (referred to as “inclined sections”
hereinbelow), and the contact layer are of the same conduc-
fivity type. Thus, current flows not only through the interface
between the second upper cladding layer and the contact
layer, but can also flow between the second upper cladding
layer and the contact layer by passing through the inclined
sections. On the other hand, because the respective sections
of the current blocking layers which follow the first upper
cladding layer (referred to as “horizontal sections
hereinbelow) are of a different conductivity type to that of
the second upper cladding layer, it 1s possible to cause
current to be confined to within a predetermined width and
to make the light emitting region a predetermined width.

Therefore, even when the width of the lower face of the
second upper cladding layer (injection current width) is
narrower than normally and, accordingly, the upper face of
the second upper cladding layer then narrows, the current
can flow so as to pass through a large surface area, meaning
that the resistance of the devise 1s then low.

Therefore, without provoking an undesirable increase in
the devise resistance, the 1njection current width 1s made
equal to or less than the carrier diffusion length, whereby the
carrier concentration in the active layer can be kept uniform.
Thus, because a stable light output can be obtained up to a
high level, the maximum rated light output of the rnidge-type
semiconductor laser devise can be raised. For example,
when the carrier diffusion length 1s 4 um, the injection
current width can, for example, be set at 3 to 4 um.

A ridge-type semiconductor laser devise of this kind can
be fabricated by means of a method comprising the steps of:
sequentially stacking a lower cladding layer, an active layer
and a first upper cladding layer on a compound semicon-
ductor substrate; forming a ridge-shaped second upper clad-
ding layer on the first upper cladding layer; using a Group
III element feedstock that contains Group III element com-
pounds with a methyl group (preferably at a temperature of
550° C. to 650° C.) to selectively grow current blocking
layers alongside the ridge-shaped second upper cladding
layer; and forming a contact layer on the second upper
cladding layer.

Growth of the current blocking layers can be performed
by means of the MOCVD (Metal-Organic Chemical Vapor
Deposition) method. When the current blocking layers con-
sist of an AlGaAs-based material, trimethyl gallium, trim-
cthyl aluminum, and the like, can be suitably employed as
Group III element compounds with a methyl group.

When the above-mentioned first conductivity type 1s
n-type and the above-mentioned other conductivity type 1is
p-type, doping can be carried out with silicon (Si), for
example, as the impurity for n-type formation, 1n the for-
mation of the current blocking layers. Silicon 1s introduced
readily into the respective sections in the current blocking
layers which are grown along the plane whose surface index
is (100), but it is difficult to introduce silicon into the
respective sections which are grown along the plane whose
surface index is (111A). Therefore, when the main surface
index of the sides of the second upper cladding layer is
(111A), it is difficult to introduce silicon into the respective
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inclined sections of the current blocking layers. Also, when
the main surface index of the upper face of the second upper
cladding base layer is (100), silicon is readily introduced
into the respective horizontal sections of the current block-
ing layers.

Further, at a temperature of 550° C. to 650° C., carbon
(C), which 1s contained in feedstock constituted by organic
compounds (for example trimethyl gallium, trimethyl
aluminum, and the like), readily remains in the film. The
carbon functions as an 1impurity for p-type formation in the
current blocking layers.

As a result of the relationship between the amounts of
carbon and silicon, deposition performed 1n a temperature
range of 550° C. to 650° C. causes the p-type carrier
concentration to be higher than the n-type carrier concen-
fration 1n the inclined sections, and the n-type carrier con-
centration to be higher than the p-type carrier concentration
in the horizontal sections. Thus, the inclined sections are
p-type and the horizontal sections are n-type. When the
temperature 1n the formation of the current blocking layers
is equal to or less than 550° C., the film quality of the current
blocking layers deteriorates, and when this temperature 1s
equal to or more than 650° C., current blocking layers
having the conductivity types described above cannot be
obtained.

The above-described objects, characteristics and effects of
the present invention or further objects, characteristics and
ciiects thereof will be clarified i the following description
of the embodiments, with reference to the attached draw-
Ings.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view of the structure
of the ridge-type semiconductor laser devise according to an
embodiment of the present invention;

FIGS. 2(a) to 2(e) are schematic cross-sectional views in
which the fabrication method of the ridge-type semiconduc-
tor laser devise 1n FIG. 1 1s shown sequentially in steps; and

FIG. 3 1s a schematic cross-sectional view of the structure
of a conventional ridge-type semiconductor laser devise.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic cross-sectional view of the structure
of the ridge-type semiconductor laser devise according to an
embodiment of the present invention, showing a cross
section that lies orthogonal to the longitudinal direction of
the devise.

A lower cladding layer 2, an active layer 3, a first upper
cladding layer 4, and an etching stop layer § are sequentially
stacked on a substrate 1. A ridge-shaped second upper
cladding layer 7 1s formed on the etching stop layer 5 1n a
position substantially central in the width direction of the
devise, so as to extend 1n the longitudinal direction of the
devise (perpendicular to the page of FIG. 1). The width S1
of the bottom face of the second upper cladding layer 7
(referred to as injection current width S1 hereinbelow) is
shorter than the carrier diffusion length. When the carrier
diffusion length 1s 3 um, the injection current width S1 can
be made, for example, 2 to 3 um. In other words, the
injection current width S1 i1s narrow 1n comparison with a

conventional injection current width (injection current width
S3 i FIG. 3).

The thickness of the second upper cladding layer 7 and the
angle of inclination of the sides 7a of the second upper




US 6,347,668 B2

S

cladding layer 7 are of the same magnitude as those adopted
conventionally. Thus, the upper face width D1 of the second

upper cladding layer 1s narrower than that adopted conven-
tionally (upper face width D3 in FIG. 3).

A current blocking layer 6 1s formed on both sides of the
second upper cladding layer 7. The current blocking layers
6 arc formed so as to follow the sides 7a of the second upper
cladding layer 7 and the upper face of the etching stop layer
5. A contact layer 8, which makes ohmic contact with the
second upper cladding layer 7, 1s formed on the second
upper cladding layer 7 and the current blocking layers 6.

Substrate 1 consists of an n-type GaAs compound semi-
conductor and the lower cladding layer 2 consists of n-type
Al Gag 4 As. The active layer 3 1s of the n-type or p-type
conductivity type, or 1s undoped, and can also consist of a
single layer of Al , Ga,_,;yAs or can consist of layers of two
types having different compositions. In other words, an

MQW (Multi Quantum Well) active layer in which an
Al ;,Gay_11yAs layer and an Al,;,Ga ., 15As (y11=y12)
layer are alternately stacked 1s also possible, or an MQW
active layer i which an Al ;Ga ,_;yAs layer and a GaAs
layer are alternately stacked, 1s also possible.

The first upper cladding layer 4 consists of p-type
Al,Ga_»As. The etching stop layer 5 1s formed from a
p-type In,_.,Ga P layer and can be made resistant to the
ctching medium.

The second upper cladding layer 7 consists of p-type
Al ;Gag; 5As. The current blocking layers 6 consist of
Al,Gag_»yAs or GaAs. With regard to the conductivity
type of the current blocking layers 6, the respective sections
thereof that follow the sides 7a of the second upper cladding
layer 7 (referred to as “inclined sections 6a” hereinbelow)
are p-type sections, and the respective sections thereof that
follow the etching stop layer 5 (referred to as “horizontal
sections 6b” hereinbelow) are n-type sections. The contact
layer 7 consists of p-type GaAs.

An n-side electrode and a p-side electrode (not illustrated)
are formed on the lower face of the substrate 1 and the upper
face of the contact layer 8 respectively.

During laser light emission, light emission takes place
upon recombination of electrons and holes 1n the active layer

3.

Injection of current from the second upper cladding layer
7 to the active layer 3 takes place via the lower face of the
second upper cladding layer 7 and, consequently, the active
layer 3 emits light 1n a region E1 that has substantially the
same width as the injection current width S1 (referred to as
light emitting region E1 hereinbelow). Carriers are not
consumed uniformly within the light emitting region El,
there being greater consumption of carriers in the vicinity of
the width direction center portion. However, because the
injection current width S1 1s equal to or less than the carrier
diffusion distance, even if the operating current 1s high,
carriers (particularly a small number of carriers) are reliably
replenished 1n the section where a large number of carriers
1s consumed, whereby 1t 1s possible to realize uniform light
emission within the light emitting region E1. That 1s, by
means of such a structure, since the light output can be
stabilized, the stable operating region 1s enlarged, which
makes 1t possible to raise the maximum rated light output of
the laser devise.

The upper face width D1 of the second upper cladding
layer 7 1s narrower than the width adopted conventionally
(upper face width D3 in FIG. 3). However, because the
conductivity type of the inclined sections 6a 1s p-type, which
1s the same as the conductivity type of the second upper
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cladding layer 7 and of the contact layer 8, current flows not
only through the interface between the second upper clad-
ding layer 7 and the contact layer 8, but can also flow
between the second upper cladding layer 7 and the contact
layer 8 by passing through the inclined sections 6a. The

resistance of this ridge-type semiconductor laser devise 1s
therefore low.

Furthermore, the conductivity type of the horizontal sec-
fions 6b 1s n-type, which 1s different from the conductivity
type of the second upper cladding layer 7 and of the contact
layer 8. The horizontal sections 6b therefore permit current
to be confined to the injection current width S1, which
makes 1t possible to cause light emission 1n a predetermined
region of the active layer 3 (light emitting region E1).

FIGS. 2(a) to 2(e) are schematic cross-sectional views in
which the fabrication method of the ridge-type semiconduc-
tor laser devise 1n FIG. 1 1s shown sequentially 1n steps.

A lower cladding layer 2, an active layer 3, a first upper
cladding layer 4, an etching stop layer 5 and a second upper
cladding layer 7 are sequentially formed on the upper face
of the substrate 1 whose surface index is (100) (FIG. 2(a)).
Here, the upper face surface index of the lower cladding
layer 2, active layer 3, first upper cladding layer 4, etching
stop layer 5 and second upper cladding layer 7 respectively
1s the same as the surface index of the upper face of substrate

1, namely (100).

The formation (deposition) of these layers can be carried
out by means of the MOCVD (Metal Organic Chemical
Vapor Deposition) method.

Thereafter, the substrate 1 1s transferred to a specially
prepared sputtering apparatus, and a mask layer 9 consisting
of S10,, or SiN 1s then formed on the surface of this substrate
(FIG. 2(a)).

Next, a resist 10 1s formed on the mask layer 9 1
accordance with a photoresist method, and the mask layer 9
is then etched away in stripes (FIG. 2(b)). Then the resist 10
1s removed and the second upper cladding layer 7 1s sub-
jected to wet etching or dry etching to afford same a ridge
shape. Because the etching stop layer 5 1s resistant to the
ctching medium, there 1s no etching of the layers below the
etching stop layer 5 (FIG. 2(¢)). The main surface index of
the upper face of the etching stop layer 5 which 1s produced
by this etching is (100), and the main surface index of the

sides 7a of the second upper cladding layer 7 which is
produced by this etching is (111A).

The resulting semi-processed product 1s returned once
again to the thin film forming apparatus 1n accordance with
the MOCVD method and, at a deposition temperature of
550° C. to 650° C., a current blocking layer 6 1s formed on
both sides of the second upper cladding layer 7. Here, by
using a Group III element feedstock that contains Group III
clement compounds with a methyl group, a current blocking
layer 6 containing Group III elements can be selectively
formed on both sides of the second upper cladding layer 7.
In other words, the current blocking layers 6 are formed
along the sides 7a of the second upper cladding layer 7 and
along the upper face of the etching stop layer § without
being formed on the mask layer 9 (FIG. 2(d)). Trimethyl
gallium, trimethyl aluminum, and the like, can be suitably
employed as Group III element compounds with a methyl
group.

In the formation of the current blocking layers 6, doping,
can be carried out with silicon (81), for example, as the
impurity for n-type formation. Monosilane, for example, can
be used for the silicon feedstock. Here, 1t 1s difficult to
introduce silicon mnto the inclined sections 6a 1n the current
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blocking layers 6 which are respectively grown on the sides
7a whose main surface index is (111A). On the other hand,
silicon 1s readily mtroduced into the horizontal sections 6b
in the current blocking layers 6 which are grown on the
upper face of the etching stop layer 5 whose main surface
index 1s (100).

Further, at a temperature of 550° C. to 650° C., carbon
(C), which is contained in feedstock constituted by organic
compounds (for example trimethyl gallium, trimethyl
aluminum, and the like), readily remains in the film. The

carbon functions as an 1impurity for p-type formation in the
current blocking layers 6.

As a result of the relationship between the amounts of
carbon and silicon, deposition performed 1n a temperature
range of 550° C. to 650° C. causes the p-type carrier
concentration to be higher than the n-type carrier concen-
fration in the inclined sections 6a, and the n-type carrier
concentration to be higher than the p-type carrier concen-
tration 1n the horizontal sections 6b. Thus, the inclined
sections 6a are p-type and the horizontal sections 6b are
n-type. When the temperature 1n the formation of the current
blocking layers 6 is equal to or less than 550° C., the film
quality of the current blocking layers 6 deteriorates, and
when this temperature is equal to or more than 650° C.,
current blocking layers 6 having the conductivity types
described above cannot be obtained.

Thereatfter, the mask layer 9 1s removed by etching, and a
contact layer 8 1s formed on the second upper cladding layer

7 and on the current blocking layers 6 (FIG. 2(e)).

The ridge-type semiconductor laser devise described
above 1s an example based on AlGaAs, but could also be

based on InGaAlP.

Embodiments of the present invention have been
described 1n detail heremnabove but these embodiments are
merely specific examples used 1n order to clarify the tech-
nological purport of the present invention. The present
invention should not be interpreted as being limited to or by
these specific examples, the spirit and scope of the present
invention being limited only by the scope of the attached
claims.

This application claims benefit of Japanese Patent Appli-
cation No. 2001-245642 filed 1n Japan on Aug. 13, 2001 the

contents of which are mcorporated by this reference.
What 1s claimed 1s:
1. A ndge-type semiconductor laser devise, comprising:

a lower cladding layer of a first conductivity type formed
on a compound semiconductor substrate of said first
conductivity type; an active layer stacked on said lower
cladding layer;

a first upper cladding layer of a second conductivity type
different from said first conductivity type which 1is
stacked on the active layer;

a second upper cladding layer of said second conductivity
type which has a ridge shape and 1s provided on said
first upper cladding layer;

current blocking layers provided on said first upper clad-
ding layer alongside said second upper cladding layer
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and having a single layer structure which changes
conductivity type only 1n a lateral direction such that
respective sections that follow and cover substantially
the entire sides of said second upper cladding layer are
of said second conductivity type, and respective sec-
tions that follow said first upper cladding layer are of
said first conductivity type; and

a contact layer of said second conductivity type provided
on said second upper cladding layer and on said current
blocking layers alongside said second upper cladding
layer.

2. The rnidge-type semiconductor laser devise according to
claim 1, wherein the injection current width, which 1s the
width of the lower face of said second upper cladding layer,
1s equal to or less than the carrier dispersion length 1n said
active layer.

3. The rnidge-type semiconductor laser devise according to
claim 1, wherein said current blocking layers confine a width
of a current injected 1nto said active layer substantially to a
width of a bottom surface of said second upper cladding
layer.

4. The ndge-type semiconductor laser devise according to
claim 1, wherein said contact layer 1s provided directly on
said second upper cladding layer without any intervening
layer.

5. A ridge-type semiconductor laser devise, comprising:

a lower cladding layer of a first conductivity type formed
on a compound semiconductor substrate of said first
conductivity type;

an active layer having a width substantially the same as
sald semiconductor substrate, stacked on said lower
cladding layer;

a first upper cladding layer of a second conductivity type

different from said first conductivity type which 1is
stacked on the active layer;

a second upper cladding layer of said second conductivity
type which has a ridge shape and 1s provided on said
first upper cladding layer;

a contact layer of said second conductivity type provided
on said second upper cladding layer; and

current blocking layers provided on said first upper clad-
ding layer alongside said second upper cladding layer
and 1n which respective sections that follow and cover
substantially the entire sides of said second upper
cladding layer are of said second conductivity type, and
respective sections that follow said first upper cladding
layer are of said first conductivity type.

6. The ridge-type semiconductor laser devise according to
claim 5, wherein said current blocking layers confine a width
of a current injected 1nto said active layer substantially to a
width of a bottom surface of said second upper cladding
layer.

7. The ridge-type semiconductor laser devise according to
claim 5, wherein said contact layer 1s provided directly on
sald second upper cladding layer without any intervening
layer.
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